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(54) Title: TECHNIQUE FOR USING BRAIN HEAT FLOW MANAGEMENT TO TREAT BRAIN DISORDERS 

(57) Abstract 

A method of treating a 
brain disorder by heat transfer 
from brain tissue comprising 
the steps of surgically cutting 
a heat transfer aperture into 
a patient's skull, thereby 
exposing a predetermined 
portion of patient's brain; 
surgically implanting into said 
heat transfer aperture a heat 
pump (1) having one or more 
electrical sensor elements 
(3, 4, 18), and one or more 
temperature sensor elements; 
surgically implanting a heat 
transfer management unit (8) 
in a body cavity of said patient 
such that a micro-controller of 
the heat transfer management 
unit is connected to one or 
more activity sensor elements 
one or more temperature 
sensor elements contacting 
brain tissue and connecting 
the heat transfer management 
unit to said heat pump via a 
lead bundle (2). Optionally, 
the heat transfer unit may be 

located external to the patient's body. Responsive to signals from one or more activity or temperature sensor elements, mathematical 
algorithms of the heat transfer management unit determine abnormal brain activity, causing the heat pump to remove heat from the brain 
tissue into a heat sink, thereby cooling the predetermined portion of the patient's brain. 




SKULL 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AH 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/34758 



PCT/US99/00374 



TECHNIQUE FOR USING BRAIN HEAT FLOW MANAGEMENT 
TO TREAT BRAIN DISORDERS 



5 BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The invention pertains to acute methods of treating a brain disorder using heat transfer 
to improve brain function. Heat transfer may be combined with electrical stimulation of the 
brain or direct infusion of therapeutic agents into the brain to reduce or prevent the 
10 occurrence of, for example, an epileptic seizure. The method may also be used for brain 

disorders other than epilepsy, for spinal disorders, and for disorders of other body organs and 
tissues. 

2. Description of Related Art 

Epilepsy is a significant medical problem, as nearly 1% of the United States population 

15 is affected by this disease at any given time, constituting about 2.6 million people. The 

incidence of epilepsy is higher in children and in the elderly, such that approximately 3.5% of 
the population will have epilepsy at some point in life. 1,3,20,21 . Seizures are controllable in 
70% of patients, but about 30% of patients have seizures refractory to treatment. Estimates 
indicate that the total lifetime costs in 1990 dollars for all of those with epilepsy newly 

20 diagnosed just in 1990 will be 3 billion dollars with slightly over 1 billion of this direct costs 
and the rest indirect costs. For those having controllable seizures, the cost per patient will be 
slightly over $4000. The figure rises to about $138,000 for patients with persistent, 
intractable, lifelong epilepsy. In 1991 dollars, the direct costs for the treatment of epilepsy in 
the United States were 1.8 billion dollars and the indirect costs amounted to 8.5 billion 

25 dollars 1, \ Thus, the disorder is a significant health problem and a need exists for improved 
treatments to control the disease and alleviate its burden on society as a whole. 

Epileptic seizures occur because of an abnormal intensity and synchronized firing of 
brain cells. Generalized seizures can begin over essentially the entire brain at one time, while 
others, known as focal or partial seizures, begin in a localized area of the brain and then 

30 spread. Thus, both widespread and localized mechanisms appear to be involved in the 

occurrence of seizures. As an example, seizures manifest themselves as seizure discharges 
affecting the cerebral cortex, the outer most layer of the brain, though paradoxically, 

1 
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stimulation of the thalamus and other subcortical regions, located deeper within the brain.- 
have been shown to not only initiate but also control or even prevent seizures. Evidence 
suggests that the thalamus and the substantia nigra are involved in the development of certain 
kinds of seizures lx 4I - 39 - L \ Even more widespread mechanisms might be involved, as 
evidenced by the successful use of vagal nerve stimulation for treatment of some seizures. 
The vagus nerve is located in the neck and extends to the brain stem from which it has 
widespread connections within the brain, including branches to the thalamus 32 - 2 . Studies 
have shown that chronic vagal nerve stimulation can reduce seizures by 50% or more in a 
third of treated patients l4; 4 A vagal nerve simulator has recently been released as a 
commercial product. Information thus far indicates that it is moderately effective, but only 
rarely controls seizures completely. 

In some patients, seizures are sufficiently localized such that removal of a particular 
area of the brain may result in complete seizure control". Electrical stimulation provides a 
non-surgical means for impairing generation of localized seizures 38 - 32 - **• 21 . In experimental 
animal models, drug application to a seizure focus can suppress or eliminate seizure activity 10 - 

28. 16. 24. 33 



Hypothermia is known to have a protective effect on the brain both in experimental 
animal preparations and in humans 5 - 31 - 8 - 29 - ,8 - 19 . This protective effect on the brain is one of 
the reasons for employing hypothermia in medical procedures, such as cardiac surgery 6 . 
Hypothermia alters the electrical activity of the cortex in models of brain ischemia, and 
decreases the production of the excitatory neurotransmitters glutamate and dopamine 7 . 
Hypothermia also appears to reduce the occurrence, frequency, and amplitude of cortical 
potentials and suppresses seizure activity 3S - ,2 - 2 - 40 . Cooling is thought to prevent or abort 
seizures by reducing cortical excitability. Cooling brain tissue can be safely accomplished 
when properly undertaken. For example, irrigation of the temporal horn of the lateral 
ventricle with ice-cold liquid to cool the hippocampus has been successful in acutely altering 
memory functions in humans with no apparent adverse effects 25 . 

Prevention of seizures using any of these methods implies that one knows when a 
seizure is occurring. Numerous of approaches toward detection of seizures have been 

exnlnreH 36 - 37 - ' 7 - 26. 30. 38. 23. 42, 43 r\ 

expiorea . One potential method utilizes neural networks as a means of 

detecting seizures. The advantage of this approach is that the computer detection may be 
modified to suit the individual patient. Implanted electrodes may use an algorithm based on 
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neural networks to detect seizure activity. Alternatively, several rule based or template 
matching methods for seizure detection may be employed, as well as methods modeling - 
seizures as chaotic attractors. 

U.S. Patent number 5,713,923 to Ward et al. (Ward '923) discloses techniques for 
treating epilepsy using a combination of electrical stimulation of the brain and drug infusion 
to neural tissue. Stimulation may be directed to increase the output of inhibitory structures, 
such as the cerebellum, thalamus, or brain stem, or may inactivate epileptogenic areas. These 
methods tend to be based on chronic stimulation of brain inhibitory systems, with the goal of 
decreasing the background propensity to epileptogenesis. Historically, stimulation of 
inhibitory structures alone has not been particularly successful in seizure management. Ward 
'923 uses an implantable electrode to sense seizure onset, which permits regulable 
stimulation of the brain during initial seizure activity. The combination of drug infusion with 
brain stimulation as disclosed in Ward '923, however, would fail to be effective in many 
types of seizures. Many drugs are not particularly stable at body temperature, rendering them 
unsuitable for long term storage in an implanted infusion device. Certain risks exist for 
patients receiving the combined therapy of Ward '923, including an increased risk for seizure 
propagation due brain stimulation as well as drug related side effects. Thus, while suitable 
for controlling some seizures, a substantial population of patients have seizures which cannot 
be treated using the methodology of Ward '923. 

Therefore, a need exists to improve the therapeutic options available to persons with 
brain disorders, such as epilepsy. 

SUMMARY OF THE INVENTION 

An object of the present invention relates to the use of hypothermia for the treatment 
of brain disorders, comprising a method of treating a brain disorder by heat transfer from 
brain tissue comprising the steps of: 

surgically cutting a heat transfer aperture into a patient's skull, thereby exposing a 
predetermined portion of patient's brain; 

surgically implanting into said heat transfer aperture a heat pump having one or more 
activity sensor elements and one or more temperature sensor elements ; 

surgically implanting a heat transfer management unit in a body cavity of said patient 
such that a micro controller of the heat transfer management unit is connected to one or more 
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activity sensor elements and one or more temperature sensor elements contacting brain tissue; 



and 



connecting the heat transfer management unit to said heat pump via a lead bundle; 

whereby responsive to signals from said one or more activity or temperature sensor 
elements, mathematical algorithms of the heat transfer management unit determine abnormal 
brain activity, causing the heat pump to remove heat from the brain tissue into a heat sink, 
thereby cooling the predetermined portion of the patient's brain. 

In a preferred embodiment, the invention relates to a method of reducing or preventing 
the occurrence of a seizure comprising cooling brain tissue at or near a seizure focus or a. 
brain structure that modulates seizures. 

In another preferred embodiment, the invention relates to a method of reducing or 
preventing the occurrence of a seizure comprising cooling brain tissue and electrically 
stimulating the brain at or near a seizure focus or a brain structure that modulates seizures. 

In yet another preferred embodiment, the invention relates a method of reducing or 
preventing the occurrence of a seizure comprising cooling brain tissue and infusing a 
therapeutic agent into the brain at or near a seizure focus or a brain structure that modulates 
seizures. 

In still another preferred embodiment, the invention relates a method of reducing or 
preventing the occurrence of a seizure comprising cooling brain tissue and electrically 
stimulating the brain tissue and infusing a therapeutic agent into the brain at or near a seizure 
focus or a brain structure that modulates seizures. 

The invention provides for placing electrodes in or on the brain area(s) of seizure foci 
and using mathematical algorithms to detect seizure onset. Once seizure onset is detected, 
cooling of the brain tissue is initiated to reduce abnormal brain cell firing. The electrodes 
detecting seizure occurrence could be situated on the cortical surface, deeply within cortex 
inaccessible to a surface electrode, or in deeper, subcortical areas of the brain such as the 
thalamus. Similarly, cooling and other treatments could occur at the cortex, could occur in 
subcortical regions, or both. The invention provides for multiple techniques that could be 
applied singly or in combination depending upon the situation of the specific seizure. Control 
of an individual event may require only one of these methods, or may require a combination 
of two or more procedures involving, for example, hypothermia and drug infusion together 
with electrical brain stimulation. Because single or combination techniques are provided, the 
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likelihood of seizure control is improved, as therapy may be tailored to individual patient- 
needs. The overall amount of treatment would be decreased to the minimum necessary, as the" 
method would only treat patients when a seizure is imminent or occurring. 

Yet another preferred embodiment provides for the control of brain disorders such as 
5 intractable pain, psychiatric disorders and movement disorders. Examples of such ailments 
include dystonia or tremor, manic-depressive illness, panic attacks, and psychosis which may 
manifest themselves by acute changes in behavior. 

Yet another preferred embodiment provides for control of central nervous system 
swelling and inflammation. For example, swelling of brain or spinal tissue due to trauma, 
1 0 hemorrhage, encephalitis or localized myelitis, mass lesions, such as tumors, cysts, and 

abscesses, and intractable migraine headaches may be controlled by cooling according to the 



invention. 



Still another preferred embodiment of the invention provides for control of swelling, 
inflammation or localized pain in non-central nervous system organs. 
1 5 These and other features and advantages of the invention will become apparent from 

the detailed description below and from the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows the main components of the invention. A heat transfer aperture (HTA) is 

20 surgically cut into the patient's skull. Thereafter, a heat pump is placed in this aperture. The 
device is located on the brain surface to treat superficial foci, such that the HTA rests on the 
surface of the section of brain to be treated. Treatment of a portion of the brain below the 
surface is achieved by placement of the HTA at a convenient location on the brain surface, 
with tubing leading to the deeper brain area to be treated. The relationship of the heat pump 

25 to the brain, skull and scalp is shown for the preferred embodiment of the invention. A lead 
bundle connects the heat pump to the heat transfer management unit (HTMU) located in a 
suitable body cavity. 

Fig. 2 shows the heat pump array of Peltier junctions combined with sensor elements 
which signal the HTMU to provide heat management in response to abnormal electrical brain 
30 activity. 

Fig. 3 shows the components of the HTMU that analyze signals from the sensor 
elements and activate the heat pump when required. 

5 
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DESCRIPTION OF PREFERRED EMBODIMENTS 
An embodiment of the invention relates to hypothermia in combination with brain 
stimulation as a treatment of brain disorders, such as epilepsy. This may be accomplished by 
stimulating a brain structure which modulates seizures. Modulation is defined herein as 
increasing or decreasing neuronal excitability of a brain region responsible for producing 
seizures. Brain structures targeted for stimulation may be inhibitory or excitatory in nature. 
For example, the output of inhibitory structures, such as the cerebellum, thalamus, or brain 
stem, may be increased via brain stimulation to inhibit the firing of cells in a seizure focus 
located elsewhere. 

Another aspect of the invention is to target regions in which a treatment could directly 
block epileptogenic activity. Such targets include the hippocampus, the neocortex, and 
subcortical and brain stem regions. Different targets are expected to be important in different 
types of brain disorders. For example, patients having unilateral hippocampal onset epilepsy 
may consider hippocampal removal, but the surgery exposes some of these patients to 
potential memory impairment. Such patients may benefit from the lower risk hypothermia 
and electrical brain stimulation procedure of the invention. In other patients suffering from 
bilateral hippocampal disease, hypothermia and electrical stimulation might be an effective 
treatment, as unilateral hippocampal removal would not be useful and bilateral removal is not 
an option due to memory concerns. 

The hypothermia and brain stimulation treatment of the invention may be achieved by 
stimulating brain areas constantly, or at fixed intervals. Feedback driven stimulation from 
brain monitoring of seizure patterns or pre-seizure patterns is also suitable according to the 
invention, such that treatment to prevent perpetuation or spread of seizure patterns may be 
administered upon detection of seizure activity. For example, altered neural discharges in the 
hippocampus, amygdala, neocortex or elsewhere may be present at the onset of a seizure. 
Such patterns often occur locally, but may spread before a seizure clinically manifests. These 
alterations could be detected and mitigated or eliminated with stimulation in combination 
with hypothermia. Patients often experience auras as perceived warnings of impending 
seizures. In fact, auras are very small seizures that do not progress to alter consciousness. 
Hypothermia and stimulation may block the spread of such auras. Consequently, a patient 
would be able to drive and engage in other normal daily activities. Stimulation may also 
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interfere with synchronization of ictal firing. Synchronization or recruitment of multiple " 
brain areas into a seizure pattern is very much related to the spread of seizure activity in the " 
brain. Thus, either chronic stimulation or feedback-based episodic stimulation could impair 
synchronization and thus prevent seizure development. 

An aspect of the invention entails systematically evaluating neocortical ictal firing 
patterns and determining methods of interfering with these patterns. These patterns and 
activities have been extensively monitored through clinical epilepsy monitoring centers. 
Firing patterns differ among patients such that no one pattern can be expected to occur in all 
patients with epilepsy. Systematic evaluation of the firing pattern will allow optimization of 
treatment for each patient. Brain cell activity may be monitored by electrical or chemical 
sensing elements (activity sensing elements) contacting brain structures to detect abnormal 
neuronal firing patterns. 

Placement of the electrodes to target seizure foci similarly may be patient specific, 
according to the invention. EEG recordings indicate that some seizures begin at the cortical 
surface, while others originate deep within internal brain structures, such as the hippocampus, 
amygdala, and thalamus. Although seizures may occur as a purely subcortical phenomenon, 
most epileptologists believe seizures involve the cortex, but may be triggered by or may 
secondarily involve thalamocortical circuits. Thus, both cortical and subcortical stimulation 
could abort, or control, seizures, but different sites would have to be stimulated in different 
patients to be effective. In addition to the above-mentioned brain structures, other subcortical 
regions, such as the area tempesta and the caudate nucleus, have been found to be important 
areas for seizure initiation or propagation in some situations, and thus may be target areas for 
therapeutic intervention. 

The invention also provides for placement of a catheter or similar tubing into the brain 
for direct delivery of drugs to a seizure focus or a brain structure which modulates seizure 
activity. When combined with controlled hypothermia, the direct infusion of drugs into the 
brain may reduce or prevent the occurrence of seizures. Examples of medication useful in the 
invention include such therapeutic agents as hydantoins, deoxybarbiturates, benzodiazepines, 
glutamate receptor agonists, glutamate receptor antagonists, y-aminobutyric acid receptor 
agonists, y-aminobutyric acid receptor antagonists, dopamine receptor agonists, dopamine 
receptor antagonists and anesthetics. 

Acute and chronic animal models of epilepsy, such as kindling and 
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cobalt/estrogen/penicillin models, suggest that hypothermia combined with brain stimulation 
and/or direct neural drug infusion will successfully control brain disorders in humans. 

The invention provides for the control of brain disorders such as intractable pain, 
psychiatric disorders and movement disorders. Ailments including dystonia or tremor, 
5 manic-depressive illness, panic attacks and psychosis are characterized by aberrant neuronal 
activity, which may be alleviated by controlled hypothermia. 

Another aspect of the invention is the control of central nervous system swelling and 
inflammation. In this regard, the implantable heat transfer device behaves essentially as a 
controlled internal cold "compress". Cold therapy is well-know for the treatment of swelling 
10 and the invention provides for a finely regulated means for achieving cold therapy. For 
example, swelling of brain or spinal tissue due to trauma, hemorrhage, encephalitis or 
localized myelitis, mass lesions, such as tumors, cysts, and abscesses may be reduced or 
eliminated by cooling of the affected tissue according to the invention. Likewise, intractable 
migraine headaches may be controlled by hypothermia according to the invention. 
15 The method for controlling brain or spinal tissue swelling and/or inflammation by 

controlled cooling would be executed essentially as described for brain cooling to regulate 
seizures. Briefly, the method would comprise surgically cutting a heat transfer aperture into a 
patient's skull or spine, thereby exposing a predetermined portion of patient's brain or spinal 
cord. A heat pump having one or more cell activity sensor elements and one or more 
20 temperature sensor elements would be surgically implanted into said heat transfer aperture. 
The heat transfer management unit would be attached such that a micro controller of the heat 
transfer management unit would be connected to one or more electrical sensor elements and 
one or more temperature sensor elements would contact brain or spinal cord tissue. The heat 
transfer management unit would be connected to said heat pump via a lead bundle. 
25 Responsive to signals from one or more sensor elements, mathematical algorithms of the heat 
transfer management unit would determine abnormal brain or spinal cord activity, causing the 
heat pump to transfer heat from the brain or spinal cord to a heat sink, thereby effecting 
cooling. 

The invention is envisioned as a means to control swelling, inflammation or localized 
30 pain in non-central nervous system organs. Regionally or locally directed cooling to thoracic 
and abdominal organs, including the liver and intestine, as well as to skeletal muscle may 
control pain, swelling, or inflammation associated with these organs. To this end, a heat 

8 
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pump and a heat transfer management unit may be surgically implanted in. for example, a ■ 
patient's abdomen, utilizing essentially the same methodology described herein for directed 
brain hypothermia. Briefly, the procedure would be initiated by cutting an incision into a 
patient's musculature, fascia and body cavity linings and skin, thereby exposing a 
predetermined portion of said organ. Thereafter, a heat pump having one or more activity 
sensor elements and one or more temperature sensor elements would be surgically implanting 
through this incision. A heat transfer management unit would be attached such that a micro 
controller of the heat transfer management unit is connected to one or more activity sensor 
elements and one or more temperature sensor elements in contact with organ tissue. A lead 
bundle would connect the heat transfer management unit to said heat pump. Responsive to 
signals from one or more activity or temperature sensor elements, mathematical algorithms of 
the heat transfer management unit detect abnormal organ cell activity Such abnormal activity 
causes the micro controller in the heat transfer management unit to direct the heat pump to 
initiate cooling to quash, for example, nociceptor activity associated with swelling, 
inflammation and pain. 

The invention is also envisioned as a method of controllably warming a hypothermic 
brain. Warming may be accomplished by heat transfer to brain tissue using a surgically 
implanted heat transfer and detection apparatus essentially as described hereinabove for brain 
cooling. Abnormally low brain cell firing may be detected and monitored by electrical sensor 
units implanted into a hypothermic brain. The heat transfer management unit may be 
surgically implanted into a patient's body cavity, or may optionally be located external to a 
patient's body. Responsive to signals from one or more electrical sensor elements, 
mathematical algorithms of the heat transfer management unit would determine abnormal 
brain activity, causing the heat pump to transfer heat to the brain tissue from a heat source, 
thereby heating the patient's brain. The advantage of this method would be to permit 
controllable warming based upon the level of brain activity, and would avoid overheating or 
warming a hypothermic brain too rapidly. Such treatments could be of use either in the 
setting of environmental or surgical hypothermia. 

Referring to Figs. 1-3, in which numerals represent like parts, in Fig. 1 heat pump 1 is 
shown placed in a HTA surgically cut into the patient's skull. The heat pump has sensor 
elements 4 and 18 for detecting abnormal brain activity and brain surface temperature, 
respectively. The relationship between these components is detailed in Fig. 2. In addition, 
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activity sensor elements 3 resting on the surface of the brain monitor background brain 
activity. Signals generated by activity sensor element 3 are used by the micro controller 22 - 
(shown in Fig. 3) in the HTMU 8 to determine when cooling, and possibly heating, may be 
necessary for controlling seizures. One or more of sensor elements 3, 4, 18 may be present, 
depending upon the needs of the individual patient. Sensor elements 3a, 4a, 18a may extend 
to regions beneath the surface of the brain, when clinically advantageous. Thus, heat transfer 
may also be controlled by brain temperature as detected by sensors implanted within the 
brain. Heat pump 1 has leads 2 that connect to a lead bundle 7, which, in turn, connects to the 
HTMU 8. Electrical and temperature sensor leads 5, 6, 19 feed into a lead bundle 7 that in 
turn connects to the HTMU 8. The HTMU 8 may be implanted in the patient's abdomen, a 
subcutaneous pocket, or a subclavicular pocket. 

Neural cooling is achieved by using the heat pump 1 to remove heat from the brain 
into heat sink 9. Heat sink 9 is comprises a sac of high heat conductivity compound, such as 
silicon oxide paste. The heat sink sac comprises a thin, biologically inert flexible material 
that permits substantial heat flow. Heat sink 9 covers a larger area than the HTA, thereby 
allowing heat dissipation from the body through a large part of the scalp. The large area in 
relation to the HTA and high thermal conductivity of the sink enable more heat to dissipate 
from the body for a given increase in temperature output from heat pump 1 than would 
otherwise occur. This configuration, in turn, improves the efficiency of the heat pump 1. 

Details of heat pump 1 are shown in Fig. 2. A solid state heat pump using the Peltier 
effect is illustrated. However, other small mechanical and/or chemical devices are suitable for 
heat exchange, as long as such devices could be incorporated into a patient's body and the 
power supply and environmental requirements of these devices may be satisfied post- 
implantation. Peltier junctions 13,15,16 and 16,14,13 are sandwiched between two ceramic 
plates 17, 12 having high thermal conductivity. Electrical current passing through upper 
junctions 15 heats these junctions, while lower junctions 14 near the brain surface become 
cold. Thus, the Peltier effect pumps heat from the lower junctions to the upper junctions 
away from the brain to effect cooling. Reversal of current direction causes heat flow to the 
brain. Complete assemblies of Peltier junction heat pumps are well known and are readily 
available. The electrical current for the heat pump 1 is supplied through leads 2 that are 
routed through lead bundle 7 that in turn connects tp the HTMU 8. 



10 
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In a preferred embodiment of this invention, activity sensors 4 and a temperature 
sensor 18 are added to the lower ceramic plate 17 resting on the brain surface. Activity 
sensors 4 have leads 6 connecting the sensors to lead bundle 7, which in turn connects to the 
HTMU 8. Similarly, temperature sensor 18 has a lead 19, that is routed to lead bundle 7 and 
5 thereafter to the HTMU 8. Activity sensors 4 exhibit dual functions in that they may provide 
electrical stimulation to the brain as well as sensing electrical brain activity. Electrical 
stimulation occurs together with heat pumping to control seizures. Temperature sensor 18 
serves two functions. First, temperature sensor 18 may trigger heat pumping to prevent a 
seizure should brain temperature indicate a seizure is imminent. Second, temperature sensor 
1 0 18 regulates the amount of heat pumping achieved to prevent tissue damage. Although brain 
cooling is generally neuro-protective, too much brain cooling may result in tissue damage. 

The details of the HTMU 8 are show in Fig. 3. Sensor signal leads 5, 6,19 are fed to 
amplifiers 20 , and then connect to analog to digital converter 21. Micro controller 22 then 
analyzes the digital representations of the sensor signals. When a seizure appears imminent, 
1 5 the micro controller 22 operates a solid state switch (SS W) 24 to feed power to heat pump 1, 
thereby preventing a seizure from occurring. Micro controller 22 uses a variable mark space 
waveform 26 to operate the SSW. This configuration allows variable levels of power to be 
applied to the heat pump while at the same time reducing the power wasted in the regulating 
element, SSW 24. 

20 Power source 25 is contained in the HTMU 8 and may comprise a primary battery or a 

rechargeable cell. Additional power may be provided by a subcutaneous coil or induction 
loop 10, connected to loop receiver 23 in the HTMU 8 by lead 11. Loop receiver 23 serves 
to direct additional power from the induction loop, and commands and configures changes for 
micro controller 22. The additional power and/or commands and configuration changes come 

25 from an external unit that would transmitted by magnetic induction. Data may also be 
transmitted from the implanted device to the external unit in a similar fashion. 

Seizures may be controlled by electrical stimulation, drug infusion or both combined 
with heat pumping. Electrical stimulation or infusion of therapeutic agent may be directed to 
any brain area associated with seizures, including the neocortex, hippocampus, amygdala 

30 thalamus, hypothalamus, caudate or other nuclei of the basal ganglia, cerebellum and brain 
stem. Stimulation switch 27 is provided for this purpose, according to the invention. Switch 
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27 is activated by micro controller 22. which sends a current pulse through lead 6 to activity 
sensing electrode 4. Medications could be delivered to the brain via an implanted catheter or" 
similar tubing in the same manner. Accordingly, switch 27 is activated by micro controller 
22 and in turn initiates delivery a quantity of medication through tubing onto or into the brain 

28 (shown in Fig. 1). A refutable reservoir on the surface of the head permits replenishment 
of the medication, in a manner analogous to the functions of certain types of shunts. Switch 
27 could be a single, multipurpose switch or may be several switches, one for each purpose of 
initiating electrical stimulation and initiating medication delivery. 

The invention is further illustrated by the following non-limiting example. 

EXAMPLE 

The effects of cooling neural tissue on seizure development were investigated using 
an EAAC1 knockout rat model of epilepsy. EACC1 antisense DNA was continuously 
infused into the left ventricle of a test animal for 10 days using a pump located on the 
animal's back. Diffuse glutamate toxicity is thereby effected in the brain of the knockout rat. 
Diffuse glutamate activity produced seizures, manifested by activity arrest, staring, and 
rhythmic 2-3/sec epileptiform EEG patterns, all indicative of seizure activity. Thereafter, the 
test animal was anesthetized and a cooling unit adhered to the rat's head. Due to the thinness 
of rat crania, cooling of the brain was achieved through the intact rat skull. EEG tracings 
were made at baseline (28.8°C) and hypothermic (25.2°Q temperatures of the conscious rat. 
An overall reduction in seizure activity was observed after cooling, marked by the return of 
normal exploratory behavior and normal EEG tracings. 

While the invention has been described in detail and with reference to specific 
embodiments thereof, it will be apparent to those of ordinary skill in the art that various 
changes and modifications can be made therein without departing from the spirit and scope of 
the invention. 

The content of all books, journal articles, abstracts and the like cited herein are hereby 
incorporated herein by reference. 
References 



1 . ANNEGERS JF ( 1 998) Demographics and Cost of Epilepsy. The American J of Managed 
Care, 4, S453-S462. 

12 



WO 99/34758 



PCT/US99/00374 



2. BATTISTA AF (1967) Effect of Cold on Cortical Potentials in Cats. Experimental 
Neurology, 19, 140-155. 

3. BEGLEY CE, ANNEGERS JF, LAIRS ON DR, REYNOLDS TF, HAUSER WA (1994) 
Cost of epilepsy in the United States: A model based on incidence and prognosis. Epilepsia, 
35, 1230-1243. 



4. BEN-MENACHEM E, MANON-ESPAILLAT R, RISTANOVIC R, WILDER BJ, 
STEFAN H. MIRZA W, et a] (1994) Vagus nerve stimulation for treatment of partial 
seizures: 1. A controlled study of effect on seizures. Epilepsia, 35, 616-626. 

5. BERNTMAN L, WELSH FA. HARP JR (1981) Cerebral Protective Effect of Low-Grade 
Hypothermia. Anesthesiology, 55. 495-498. 

6. BIGELOWWG, LINDSAY WK, GREENWOOD WF (1950) Hypothermia. Its Possible 
Role in Cardiac Surgery: An Investigation of Factors Governing Survival in Dogs at Low 
Body Temperatures. Ann Surg, 132, 849-866. 

7. BUSTO R, GLOBUS MYT, DIETRICH WD, MARTINEZ E, VALDES I, GINSBURG 
MD (1 989) Effect of Mild Hypothermia on Ischemia-Induced Release of Neurotransmitters 
and Free Fatty Acids in Rat Brain. Stroke, 20, 904-910. 

8. CLIFTON GL, JIANG JY, LYETH BG, JENKINS LW, HAMM RJ, HAYES RL (1991) 
Marked Protection by Moderate Hypothermia After Experimental Traumatic Brain Injury. J 
Cerebral Blood Flow & Metabolism, 11, 1 14-121. 

9. DEPAULIS EA (1994) Endogenous Control of Epilepsy: The Nigral Inhibitory System. 
Progress in Neurobiology, 42, 33-52. 

1 0. EDMONDS HL, STARK LG, HOLLINGER MA ( 1 974) The Effects of 
Diphenylhydantoin, Phenobarbital, and Diazepam on the Penicillin-Induced Epileptogenic 

13 



WO 99/34758 

Focus in the Rat. Experimental Neurology, 45, 377-386. 



PCT/US99/00374 



11. ENGEL J, JR. (1993) Surgical Treatment of the Epilepsies. New York: Raven Press. 

12. ESSMAN WB, SUDAK FN (1964) Audiogenic Seizure in Genetically Susceptible Mice: 
Relation of Hypothermia to Onset and Susceptibility. Experimental Neurology, 9, 228-235. 

13. FISHER RS, UEMATSU S, KRAUSS GL, CYSYK BJ, LESSER RP, RISE M (1992) A 
Controlled Pilot Study of Centromedian Thalamic Stimulation for Epilepsy. Epilepsia, 33, 
841-851. 

14. FISHER RS, KRAUSS GL, RAMSAY E, LAXER K. GATES J (1997) Assessment of 
vagus nerve stimulation for epilepsy: Report of the therapeutics and technology assessment 
subcommittee of the American Academy of Neurology. Neurology, 49, 293-297. 

15. GALE (1985) Mechanisms of Seizure Control Mediated by Gamma-Aminobutyric Acid: 
Role of the Substantia Nigra. Federal Proceedings, 44, 2414-2424. 

16. GARTSIDE IB (1978) The Actions of Diazepam and Phenytoin on a Low Dose Penicillin 
Epileptiform Focus in the Anaesthetised Rat. British J Pharmacology, 62, 289-292. 

17. GOTMAN J, LEVTOVA V (1996) Amygdala-Hippocampus Relationships in Temporal 
Lobe Seizures: A Phase-Coherence Study. Epilepsy Research, 25, 51-57. 

18. GUNN AJ, GLUCKMAN PD, GUNN TR (1998a) Selective Head Cooling in Newborn 
Infants After Perinatal Asphyxia: A Safety Study. Pediatrics, 102, 885-892. 

19. GUNN AJ, GUNN TR, GUNNING MI, WILLIAMS CE, GLUCKMAN PD (1998b) 
Neuroprotection with Prolonged Head Cooling Started Before Postischemic Seizures in Fetal 
Sheep. Pediatrics, 102, 1 098- 1 1 06. 

20. HAUSER WA, ANNEGERS JF, KURLAND LT (1993) Incidence of epilepsy and 

14 



WO 99/34758 PCT/US99/00374 
unprovoked seizures in Rochester, Minnesota: 1 935- 1 984. Epilepsia, 34, 453-468. 



21. HAUSER WA, HESDORFFER DC (1990) Epilepsy: Frequency, Causes and 
Consequences. New York: Demos Publications. 

22. HIRAI T, JONES EG (1989) A New Panellation of the Human Thalamus on the Basis of 
Histochemical Staining. Brain Research Review, 14, 1-34. 

23. IASEMU3IS LD, SACKELLARES JC, ZAVERL HP, WILLIAMS WJ (1990) Phase 
Space Topography and the Lyapunov Exponent of Electrocorticograms in Partial Seizures. 
Brain Topography, 3, 1-15. 

24. no T, HORI M, YOSHIDA K, SfflMEU M (1977) Effect of Anticonvulsants on 
Cortical Focal Seizure in Cats. Epilepsia, 18, 63-71. 

25. LEES GP, LORING DW, SMITH JR, FLANIGIN HF (1995) Intraoperative Hippocampal 
Cooling and Wada Memory Testing in the Evaluation of Amnesia Risk Following Anterior 
Temporal Lobectomy. Arch Neurology, 52, 857-861. 

26. LEHNERTZ K, ELGER CE (1998) Can Epileptic Seizures Be Predicted: Evidence from 
Nonlinear Time Series Analysis of Brain Electrical Activity. Physiol Rev Lett, 80, 5019-5022. 

27. LESSER RP, KIM SH, BEYDERMAN L, KRAUSS G, CYSYK B, SANDERS P (1998) 
Pulse Stimulation Can Stop Bursts of Afterdischarges in Humans. Epilepsia, 39, 
200(Abstract) 

28. MARES P, KOLINOVA M, FISCHER J (1998) The Influence of Pentobarbital Upon a 
Cortical Epileptogenic Focus in Rats. Arch int Pharmacodyn, 

29. MARION DW, PENROD LE, KELSEY SF, OBRIST WD, KOCHANEK PM, PALMER 
AM, et al (1997) Treatment of .Traumatic Brain Injury with Moderate Hypothermia. New 
England Journal of Medicine, 336, 540546 

15 



WO 99/34758 



PCT/US99/00374 



30. MARTINERE J. ADAM C. LE VAN QUYEN M, BAULAC M, CLEMENCEAU S, " 
RENAULT B, et al (1998) Epileptic Seizures Can Be Anticipated by Non-Linear Analysis. 
Nature Medicine, 4. 1 173-1 176. 



31. MINAMISAWA H, SMITH ML, SIESJO BK (1990) The effect of mild hyperthermia an, 
hypothermia on brain damage following 5, 10, and 15 minutes of forebrain ischemia. Annals 
of Neurology, 28, 26-33. 

32. MIRSKI MA, ROSSELL LA, TERRY JB, FISHER RS (1997) Anticonvulsant Effect of 
Anterior Thalamic High Frequency Electrical Stimulation in the Rat. Epilepsy Research, 28, 
89-100. 



33. MIRSKI MA, FERRENDELLI JA (1986) Selective Metabolic Activation of the 
Mammillary Bodies and Their Connections During Ethosuximide-Induced Suppression of 
Pentylenetetrazol Seizures. Epilepsia, 27, 194-203. 

34. MIRSKI MA, FISHER RS 1 1994) Electrical Stimulation of the Mammillary Nuclei 
Increases Seizure Threshold to Pentylenetetrazol in Rats. Epilepsia, 35, 1309-1316. 

35. OMMAYA AK, BALDWIN M (1963) Extravascular Local Cooling of the Brain in Man. 
J Neurosurgery, 20, 8-20. 

36. OSORIO I, FREI MG, WILKINSON SB (1998) Real-time automated detection and 
quantitative analysis of seizures and short-term prediction of clinical onset. Epilepsia, 39, 
615-627. 

37. QU H, GOTMAN J (1993) Improvement in Seizure Detection Performance by Automatic 
Adaptation to the EEG of Each Patient. Electroencephalo and clin Neurophysiol, 86, 79-87. 

38. SCHBFF EA (1994) Controlling Chaos in the Brain. Nature, 340, 615-620. 



16 



WO 99/34758 PCTAJS99/00374 

39. SUSSMAN NM, GOLDMAN HW, JACKEL RA, KAPLAN L, CALLANAN M, 
BERGEN J, et al (1988) Anterior thalamic stimulation in medically intractable epilepsy. ParT 
II. Preliminary Clinical Results. Epilepsia, 29, 677(Abstract) 

40. VASTOLA EF, HOMAN R, ROSEN A (1969) Inhibition of Fecial Seizures by Moderate 
Hypothermia. Archives of Neurology, 20, 430-439. 

41 . VELASCO F, VELASCO M, OGARRIO C, FANGHANEL G (1987) Electrical 
stimulation of the centromedian thalamic nucleus in the treatment of convulsive seizures: a 
preliminary report. Epilepsia, 28, 421-430. 

42. WEBBER WR, LITT B. WILSON K, LESSER RP (1994) Practical detection of 
epileptiform discharges (EDs) in the EEG using an artificial neural network: a comparison of 
raw and parameterized EEG data. Electroencephalography and Clinical Neurophysiology, 91, 
194-204. 

43. WEBBER WRS, LESSER RP, RICHARDSON RT, WILSON K (1996) An Approach to 
Seizure Detection using an Artificial Neural Network (ANN). Electroenceph clin 
Neurophysiol, 98, 250-272. 



17 



WO 99/34758 



PCT/US99/00374 



CLAIMS: 

1 . A method of treating a brain disorder by heat transfer from brain tissue comprising 
the steps of: 

surgically cutting a heat transfer aperture into a patient's skull, thereby exposing a 
predetermined portion of patient's brain; 

surgically implanting into said heat transfer aperture a heat pump having one or more 
activity sensor elements and one or more temperature sensor elements ; 

surgically implanting a heat transfer management unit in a body cavity of said patient 
such that a micro controller of the heat transfer management unit is connected to one or more 
activity sensor elements and one or more temperature sensor elements contact brain tissue; 
and 

connecting the heat transfer management unit to said heat pump via a lead bundle; 

whereby responsive to signals from one or more activity sensor elements, 
mathematical algorithms of the heat transfer management unit determine abnormal brain 
activity, causing the heat pump to remove heat from the brain tissue into a heat sink, thereby 
cooling the predetermined portion of the patient's brain. 

2. A method according to claim 1 , wherein heat transfer is controlled by brain 
temperature as detected by one or more temperature sensor elements, thereby preventing 
excessive heat transfer either into or out of the brain. 

3. A method according to claim 2, wherein brain temperature is detected by sensors 
located at the brain surface or implanted within the brain. 

4. A method according to claim 2, wherein control of heat transfer may be initiated by 
external agents via an induction loop which sends signals to the heat transfer management 
module. 



5. A method according to claim 1. wherein said heat pump uses Peltier junctions to 
achieve heat transfer. 
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6. A method according to claim 1, wherein said heat transfer management unit is 
implanted in a body cavity selected from the group consisting of abdomen, a subcutaneous 
pocket and a subclavicular pocket. 

7. A method according to claim 1, wherein said heat sink comprises silicon oxide 
paste contained in a thin sac of biologically inert material. 

8. A method according to claim 1, whereby power to operate the heat pump may be 
provided by at least one member selected from the group consisting of internal batteries, 
internal rechargeable cells, a subcutaneous coil, a subcutaneous induction loop, an external 
power source having an induction loop and a combination of internal and an external power 
sources. 

9. A method according to claim 1, wherein said brain disorder comprises a member 
selected from the group consisting of epilepsy, intractable pain, psychiatric disorders and 
movement disorders. 

10. A method according to claim 1, wherein activity sensors on ceramic plates 
implanted in or on the brain detect or predict seizure occurrence by analyzing brain activity 
via analysis with an algorithm, wherein such detection promotes heat pump-mediated brain 
cooling to reduce or prevent seizure initiation and/or propagation. 

1 1. A method of reducing or preventing the occurrence of a seizure comprising 
cooling brain tissue according to claim 1, and electrically stimulating the brain at or near a 
seizure focus or a structure that modulates seizures. 

1 2. A method of reducing or preventing the occurrence of a seizure comprising 
cooling brain tissue according to claim 1, and infusing a therapeutic agent into the brain at or 
near a seizure focus or a structure that modulates seizures. 

1 3. A method of reducing or preventing the occurrence of a seizure comprising 
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cooling brain tissue according to claim 1, electrically stimulating the brain at or near a seizure 
focus or a structure that modulates seizures, and infusing a therapeutic agent into the brain at " 
or near a seizure focus or a structure that modulates seizures. 

14. A method according to any one of claims 11-13, wherein said electrical 
stimulation or said infusion of therapeutic agent is directed to a brain area comprising a 
member selected from the group consisting of neocortex, hippocampus, amygdala thalamus, 
hypothalamus, caudate or other nuclei of the basal ganglia, cerebellum and brain stem. 

15. A method according to claim 12 or claim 13, wherein said therapeutic agent 
comprises a member selected from the group consisting of hydantoins, deoxybarbiturates, 
benzodiazepines, glutamate receptor agonists, glutamate receptor antagonists, y-aminobutyric 
acid receptor agonists, y-aminobutyric acid receptor antagonists, dopamine receptor agonists, 
dopamine receptor antagonists and anesthetics. 

16. A method of controllably warming a hypothermic brain by heat transfer to brain 
tissue comprising the steps of: 

surgically cutting a heat transfer aperture into a patient's skull, thereby exposing a 
predetermined portion of patient's brain: 

surgically implanting into said heat transfer aperture a heat pump having one or more 
activity sensor elements and one or more temperature sensor elements ; 

attaching a heat transfer management unit such that a micro controller of the heat 
transfer management unit is connected to one or more activity sensor elements and one or 
more temperature sensor elements contact brain tissue; and 

connecting the heat transfer management unit to said heat pump via a lead bundle; 

whereby responsive to signals from one or more activity sensor elements, 
mathematical algorithms of the heat transfer management unit determine abnormal brain 
activity, causing the heat pump to transfer heat to the brain tissue from a heat source, thereby 
heating the patient's brain. 



17. A method according to claim 16, wherein said heat transfer management unit is 
surgically implanted into a patient's body cavity or is located external to a patient's body. 
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1 8. A method for control of brain or spinal tissue swelling and/or inflammation by - 
controlled cooling comprising the steps of: 

surgically cutting a heat transfer aperture into a patient's skull or spine, thereby 
exposing a predetermined portion of patient's brain or spinal cord; 

surgically implanting into said heat transfer aperture a heat pump having one or more 
activity sensor elements and one or more temperature sensor elements ; 

attaching a heat transfer management unit such that a micro controller of the heat 
transfer management unit is connected to one or more activity sensor elements and one or 
more temperature sensor elements contacting brain or spinal cord tissue; and 

connecting the heat transfer management unit to said heat pump via a lead bundle; 

whereby responsive to signals from said one or more activity or temperature sensor 
elements, mathematical algorithms of the heat transfer management unit determine abnormal 
brain or spinal cord activity, causing the heat pump to transfer heat from the brain or spinal 
cord to a heat sink, thereby effecting cooling. 

19. A method according to claim 18, wherein said brain or spinal tissue swelling 
and/or inflammation is due to a member selected from the group consisting of trauma, 
hemorrhage, encephalitis, localized myelitis, mass lesions and intractable migraine 
headaches. 



20. A method of controlling swelling, inflammation or localized pain in a non-central 
nervous system organ by regionally or locally directed cooling to said organ comprising the 
steps of: 

surgically cutting an incision into a patient's musculature, fascia and body cavity 
hnings and skin, thereby exposing a predetermined portion of said organ; 

surgically implanting through this incision a heat pump having one or more sensor 
elements and one or more temperature sensor elements ; 

attaching a heat transfer management unit such that a micro controller of the heat 
transfer management unit is connected to one or more activity sensor elements and one or 
more temperature sensor elements in contact with organ tissue; and 

connecting the heat transfer management unit to said heat pump via a lead bundle; 
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ire sensor 



whereby responsive to signals from said one or more activity or temperatur 
elements, mathematical algorithms of the heat transfer management unit detect abnormal 
organ cell activity, causing the heat pump to transfer heat from the organ tissue to a heat sink, 
thereby cooling the patient's organ to reduce or eliminate swelling, inflammation or localized 
organ pain. 



21. A method according to claim 20, wherein said non-central nervous system organ 
comprises a member selected from the group consisting of thoracic and abdominal organs and 



skeletal muscle. 



22 



WO 99/34758 



PCT/US99/00374 




SUBSTITUTE SHEET (RULE 26) 



WO 99/34758 



PCT/US99/00374 




SUBSTITUTE SHEET (RULE 26) 



WO 99/34758 



PCT/US99/00374 



3/3 



Q / 




3 



LU 
O 
< 

< 
2 
oc 

LU 
U. 
CO 



00 



it 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/00374 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61F 7/12 
USCL :607/113 

According to International Patent Classification (IPC) or to both national classification and IPC 

a FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 600/2, 10; 606727-31; 607/96. 113, 115-117 

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 
Y 

Y 


US 5,611,767 A (WILLIAMS) 18 March 1997, entire document 

US 5,540,737 A (FENN) 30 July 1996, col. 2 line 35 to col. 4 line 
68. 

US 4,989,601 A (MARCHOSKY et al) 05 February 1991, col. 2 
line 53 to col. 5 line 50. 


1-5, 8-21 

6,7 

1-21 

1-21 


1 | Further documents are listed in the continuation of Box C. | | See patent family annex. 


Specie) cetegoriee of cited dottODcnte: "T" later docuaeot published after the mtenutkmal filing date or priority 

"A- document defmma the generei etate of the art which ii Dot comidned d^pr^^U or d^^iX^^^^^Jon * 
to ba of particular relevance 7 

B- «** public ft., *. «, *» ^ tZ^ILZZZ^ZZJ^^oZ^ZZT^ 
"L" doeumanl which nay throw doubti on priority cleim(i) or which t» wh *° «*>• document ta taken alone 
cited to ettebluh (he publication date of another citation or other 

tpecial reaion (aa specified) *Y" document of particular relevance; the claimed invention cannot be 

conaiderad to involve en inventive step when the document is 
"0" document referring to an oral ducloturo, uae, exhibition or other combined with one or mora other auch documents, such combination 
mean* being obvious to e parson aitillad m the art 

•p* document published prior to the international filing date but later than document member or the same patent fam ily 
the priority date claimed 


Date of the actual completion of the international search 
22 MARCH 1999 


Date of mailing of the international search report 

0 5 MAY 1999 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 

Box PCT . 
Washington, D.C. 20231 v 

Facsimile No. (703) 305-3230 / 


/ ROSALIND KEARNEY 
Telephone No. (703) 308-271 1 



Form PCT/ISA/210 (second shect)(July 1992)* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

0 BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



